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Prof. Meinardus’s sclienie2 also includes a series of 
cyclones travelir!g from west to east over the southern 
ocean; but he gives strong reasons wainst the resence 

to such an anticyclone is that anticyclonic conditions are 
accompanied by an cscess of evaporation over precipitation : 
hence it would be impossible to account for the excess of 
preci litation which gives rise to tllc 1:wge g!ncicrs ailid 

3. The simultaneous observations macle at C q e  
Evans,Cnpe hdwe, aiicl Franiheiiii were then considered to 
iiivestigttte the processes which me nt work in the Ross 
Sea area. The chief co~~c.lusio~is were: The hioh south- 
eas terlg u-inds-coninionly called blizzrtrk [in h e  litera- 
ture of Antarctical-are not caused bv cyclones pmsiiio 
into Ross Sea, but are the result of thelarge differences 07 
temperatwe whicli esist in the lower atmosphere over the 
Barrier and Ross Sea. The cloud observations show that 

of an anticyclone over &iiitarctica. %is chief o \ jection 

snow t ields discharging tlis known large qum tities of ice. 

FIG. I.-Loeation of metporologicsl stations witbin the South Polar Keglons. 

air feeds into the Antnrctic st, high levels and passes north 
again in the ”blix~nrds.’~ Meinardus’s objection that in 
such a circulation preci ,it.ntion would not, exceed evapora- 

of the air clue to rixdiation. The ::ir while siilking loses SO 
much heat by radiatioii thi~t,  when forcibly ninde to rise 
again in the “blizzards,” saturntion is reached at a much 
lower level tlisn that at ~Ivllich thc air entered. ‘Illus 
anticyclonic conditinns itre c:>nsiYt,ont with an escess of 
precipitation. 

3. The esisteiice of a belt of cyclones between Antarc- 
tica and Aus trnlia was then considered. Curves showing 
barometer and wind objervations a t  the G ~ M S  winter 

From thein it was seen that during 
%e passnge of cleep wave3 of pressure t~iere is practically 
no variation of the wind direction a t  that stntion. In 
most cases the wind hlows a gale from the erst both while 
the barometer fidls rapidly and while it nia1;es ttn equally 
rapid recovery. At present it appears quite inipossihle 

2 Sce this REVIEW, April, 1914,49:23-230.+. A,, Jr. 

tion was shown not to I iolil, hecansc of the great cooling 

uarters were shown. 

5 8 7 2 - 1 5 4  

to reconcile tlie wind and barometer observatibns with 
any system of circulation of wind about a center of low 
pressure moving from the west to the east. Further, the 
simultameous barometer observations at Melbourne, The 
Bluff, New Zedand, and at  Cape Adare were examined 
without finding any certain indication of the same cyclone 
affecting the northern and the soutliern stations. 

4. The monthly departures from the pressure normals 
at Cape Evans were compared with correspondiiig values 
for stations in AustralauiiL, and an important negative 
correlation was found. 

5. The importance of a permanent meteorological sta- 
tion on Antarctica was urged. 

LOW TEXPERATURE OF THE SO 

While discussing at the Australian meeting of the Brit- 
ish Association for the Advancement of Science certain 
other physical features of Antarctica, Dr. G. C. Simpson 
made the following cominents on the cause of the relsr 
tive diff crence in temperature between the Northern and 
Southern Hemispheres : 

“ I think we do not sufficiently realize that tlie Southern 
€Iemisplie.re is inuch colder tlian the Northern Hemi- 
phere, :mcl the reason for this differeiicc is certainly not 
understood by scientists. When we think of the tem- 

ernture of B place we think of the teinpwature in the 
power :Lt.iiiosplicre. Now, tahe inere passtigc of light 
tliruugli t.he rttiiios diere will not warm it. The main 

is by the sun shining on something it can warni. Now, in 
the Nortliimi Hemisphere there w e  lmge iiiasses of land 
wliicli caii ahorb tlie SUIY’S energy, and then give the 
htw t. to tho itDlliosphere. In  the Southern Hemisphere, 
on tlie contrary, the whole inass of land within the 
-1ntmctic Continciit [Antarct,icn] is covered with ice, 
wliic‘l~ is practicdy a perfect reflector, and therefore 
dlc l l  tlie sun shines on it. a l n rw  proportion of the energy 
is rriIect.ec1 into space. I t1iii-L scientists have not quite 
rctilizccl how iiii ortant that is-that 5,000,000 square 

reflect into space a large part of the energy received from 
tlie sun. I feel certain that this is one of the chief 
reasons for the difference in temperature between the 
Nort,hern and Southern Hemispheres.” - 

inethocl bg wliich t \ le atmosplicre beconies warmed up 

iiiilos of the emt P 1’s surface in the Southern Hemisphere 

,;‘ i * -  

AUSTRALIAN RAINFALL:’ 

By H. A. HUNT, Commonwealth Meteorologist. 

The main factors to be considered in relation to the 
controlling causes of rainfall in Australia are the south- 
east and westerly trade winds, tlie monsoond and 
southern de ressions, cyclones from the northeast and 
northwest &opics, locally fornied cyclones, and the 
anticyclones, in conjunction with the modifying effects 
on t.liese various atmospheric movements of the physical 
features of the different parts of the country. 

Around the central dry area of Australia $he isohyets 
describe somewhat concentric curves , the modifications 
being mostly due to variations in elevation. Thus the 
Darling Ranges to a great degree account for the rainfall 
of the southwest corner of the continent. The Flinders 

I Re rlnttd from Report nf the Elchtv-fonrth MwAing of the Brltlsh Association for 
Y Rc rinlcd from Report of the Eiehtp-fouht $ktIng of the Drltish AssoehUon for 

the .\#vmmineut of Science. London: 1915 

the A&nnccment of Science, Australia, 1914. London. 1915, p. 439442. 
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Ondrr 10 inclirs, upon. ....................................... 
10 to 1.5 inches. upon.. ........................................ 

Range, South Australia, and the Australian Alps, in the 
southeast, have a heavier rainfall than the surrounding 
tracts, owing to their cooling effect on the air currents. 
Along the eastern elevated margin of the Conimonwealth 
the ridges between large river valleys also account for an 
enhanced precipitation. Esaniples of the latter type 
are the Peak Range and the Darling Downs in Queens- 
land, where the east.ern ranges of the northern piirt,s of 
that State obstruct the sout.lieast trade winds and cause 
our heaviest rainfall. In  western Tasmaiiia there is an 
escessive rainfall for similar reasons, though there the 
westerly trudcs are the moisture-laden winds. 

During the hotter lllollths, November to April inclu- 
sive, the northern parts of Australia are wet and the 
southern dry; in the colder months, Ma to October in- 

while over the eastern are- of the continent the rainfsll 
is distributed fairly .geiierd 

cipitations are cont.rolled by the ’‘ stoimiy wrstorlies,” 
southern cyclones, and V-shaped depressions, enjoy very 
consistent annual totals, but north of the Tropics and in 
fact in all parts of the continent subject to monsoon rains 
the departures from the normal are occasionally very 
great. 

When the monsoonal disturbances are in evidence the 
effect of the rainfall on the country generally and tlie 
economic results for the succeeding season are very pro- 
nounced. The interior of the continent beconies trans- 
formed. The lains, which ordinarily have ztn int,ensify- 

with rain and res ond immediately with a lusurious 
growth of wass an a herbage. The air is then both tem- 
pered in Reat and loses its dryuess for considerable 
periods. 

The monsoon region comprises the whole of Australia 
north of the Tropic of Capricorn, together with southern 
Queensland and the north of New South Wales. The 
heaviest rains are in January and February. They Itre 
directly due to the iiidraft caused by t,he henting of t,he 
center of the continent. This leads to the formation of n 
low pressure in northern Australia and the ascending 
miiids are cooled and deposit their water vttpor in heavy 
millstorins lund thundershowers. . 

‘l’ropicitl clepressiciiis when well cleveloped are produc- 
tive of good inland rains, and $we eridcntly c:iuscd by 
eout.hw:ird flows of t.he litninspliere of wide estciit mil 
considcmble clept,li. The “ Ant,iirct.ic ” clisturlmccs are, 
however, tlie nioro frcrqucmt in wint.er. Tue heariest 
total3 from this last-nnniecl source Are precipitnt.ed on the 
west coast of Tasmania. Thus at  Mount Lydl the total 
for one year exceeded 140 iiiches, tincl even the average 
is 116.05 inches. When an “Antarctic” is suppleniented 
by a i‘t.rough” extending well into the northern interior, 
it brings much rain to tho inland areas of Sout.h Australia, 
Victoria, New South Wales, and even Queenslancl. 

Anticyclonic rains occur at. all t.imes of the year, but 
more markedly from March to September. They benefit 
particularly the southern area of the continent, and ;ire 
responsible for many of tlie heaviest rainfalls and floods 
on the coastal dist.ricts of New South Wales. 

Flood rains occur at  infre uent int,ervals over various 
portions of the Commonwend, principally in Queensland, 
the southeastern parts of the continent, and the nort>liern 
regions of West Australia. Typical inst,ances of floods 
in southeastern Australia are (1) the flood of January, 
1910, in the Upper Darling tributaries, consequent on 
abnorma~y heavy rains on the northwestern plains and 

clusive, the southern part.s are. wet and t r le northern dry; 

The southern portions of t rl e continent, where the pre- 
throughout the year. 

ing effect on t P le heat winds of the summer, are deluged 

Australh. 
~ 

Sq. miles. 
1,045 0 

~ ~ $ 0 0 0  

slopes of New South Wales as well as 011 the Darling 
Downs of Queensland. Thcsc exceptionally hewy con- 
tinuous ruins were caused by the joint action of un anti- 
cyclonic area over the southern and n monsoonal de- 
pression operating in the northern half of the continent. 
A monsoonal tongue developed and extended southward 
over Queeiluland and New South Wales, while a t  the 
same t,ime tho eneray of t,ho high pressure in the south 
increased. In  fivo 8ays large arcas in the t,wo States had 
from 5 to 19 inches of rain. The enormous amount of 
water that fell over approximately SG,OOO square miles 
of count.ry niay he roughly estimated at  31,687,000,OOO 
toils, or 7,100,000,000,000 allons. (3) A similar rlevel- 

t,he c.ont,inent agniilst an int,ensified anticyclone in the 
sout,h was nccoinpanied by severe tliunderstorms and 
t.orrent.i:d riiins. Soine of the heariest individual fdls 
were in New South Wdes, e. g.: 

rnclres. 
Taralga, on t.he central table-hnd ............................. 10.74 
Sydney ..................................................... 8.49 
Parmmatta .................................................. 16.91 
Beecraft, in the metropolitan area.. .......................... 18.84 
Urollongong, south coast. ..................................... 35.34 

The barometer readin s at, Sydney ranged froni 30.13 

progress, while t,lie anticyclone to the sou t.h gradually 
xve way simuhaneously, the cent,er (30.4 inches) inoving 

iowly over the southern parts of Victoria and Tasmania 
eastward to the South Pacific Ocean. 

The wett,est known lace in Australia is Innisfail, on 

rainfall for 21 years ia no less than 145 inches, the maxi- 
mum yearly total being 211.24 inches and the minimum 

o ineiit occurred in Marc1 f of the present, year [1914], 
w R cn a nionsoond tongue estencling southward across 

to 29.97 inches during t. 5 e five clays tlie storms were in 

the northeast coast. o P Queenslnnd, where the average 

- 
69.S7 inch&. 

The cliiest region so far furnished wit.h raingages lies 
east and northeast of Lake Evre 6out.h Australia). 
where less than 5 inches is the &erabe annual rainfall; 
and where a total of 10 inches is rw$y recorded during 
t,he 12 months. This niiiiiniuin rainfd is coincident 
with the lowest elevation, Lake Eyre being act,ually be- 
low sea level 30 feet. 

The inland districts of western Australia have, until 
recent, years, been regarded as the driest part of the 
Commonwealth; but aut.hentk observations taken dur- 
ing the past decade at  settled dist,rict,s in t.he east of that 
State show that t.he annual average is 10 to 12 inches. 

In  coniprzring t.lie raiihll  of the chief cities of t.he rest 
of t,he world [43 enumerated] with those of Austrdia, it  
is founcl tlixt Bombay, Calcutta, Colombo, Singapore, 
and Hon kong are the only cities whose rainfall exceeds 
that of !$ycciie: Perth has a greater annual rainfall 
than New ork. and mom than that of the 43 cities used 
in the comparison. Hobart nearly e uals London, 

places considered hnve less rain thnn Hobart. 
The distribution of average annual rainfall over the 

Commonwealth and the United Kingdom is as follows: 

which Melbourne exceeds by an inch, wli  9 e 11 of the 42 

Brltish 
Isles. 

80. milr.9. 
Nil. 
Nil. 
NIL 

24 OOO 
42’000 
55: OOO 
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The average area under wheat in the United Kingdom 
during the years 1910, 1911, and 1912, was 1,926,050 
acres, and the average yield was 59,43G,392 bushels; 
while in t,lie Commonwealth for the same period the area 
under wheat was 7,370,980 a.cres and the average yield 
8G,243,133 bushels, a difference in the total yield in favor 
of Australia of 36,80G,741 bushels. In  Australia wheat 
growing, under ordinary condi tiona, is generally con- 
sidered a safe and payable proposition when 10 inches of 
rain and over falls froni the month of April to that of 
October, inclusive. There are in all 484,330 square miles 
of count,ry with 10 inches of rniiifall imd over durinq tho 
wheat-growing period. Tho output of wheat, has h e n  
steadil increasing from y e : ~  to year, and bhere are vast 
possibi I- ities of future clevelopnicnt in this direction. 

The climatic history aid  prosperity of tlie last 10 
years or so coiitrnclict empha.t.icdly the preconceived 
Lotion that Aus td ia  is the pnrtic.utar drought-stricken 
and prccarious area of tho enrth’s surface. These niis- 
conce tioiis of the true character of the country have 
been P ield in the developmental stages, to a greater or less 
ext.ent, in the early histories in the majorit.y of all lands 
and in the colonizn t.ioii of newly discovered t.errit,ories; 
e. g., see historjT of coloiiizntioii of Unit,ecl States of 
America aiid early Egyptian history. The truth of t81ie 
matter about Aust,ralin’s rninfall is th a -  t. 

(1) It is generally aiiiple for pastoral and n.gricultura1 
industries over two-thirds of its area. 

(?I That different rcgions have distinct, wet and dry 
periods ; these niust. be fully recognized aiid iiiclustriill 
operations adapt,ed accordinglj-. 

(3) It is subject in part,, but never in t-hc whole, to 
prolonged periods wlien t8he rainfall is sliort of the 
seasonal average. Austrnlin is not, pcculinr in t.his respect. 

It! follows, therefore, t,hat,, RS 6lie so fnr uncleveloped 
count.ry bcconies populated nut1 pui. t.o proiii.able use, the 
genernl we:ilt.li of t.he c.oni1i;unit.y tis n wl~olc? will stentlily 
increase. 

A inodel represent,ing the relative rsinf:ill mer Aus- 
trdin has been construcit.ec1 at  tlie C.lom~ucin~~-i~nlth 
Weatlii.r BLUWLU, on :I horizontd s~::~lc of 133 i d e s  to 1 
inch and a vertical sc:ilo of 10 ii:c!itjs t.o 1 centimet:er. 
This iiiodrl shows nt a glance how 1 lis niiiiu2il raiiifa.11 is 
distriLut.ecl, from tlie siiiall precipit.n.t.ioii ovcr the far 
interior to the fringe of high rainfiill around the grcriter 
port.ioii of t.he coast, Zinc, d~~li1i i~t , i l>g 011 t,he ensterii sidc 
in a great “ pe:ik” iiirlicntiiig tho  iIli111.1id prLv:iyita.tion over 
the H a r v e ~  Creek and Iiiiiisfail district rcsulting from 
the prevailing southenst t,ratlc vii1ltlS carrying t,lic moisture 
ugaiiist the n:ount.n.in rfing:?.~ just. inside thr coast. 

Tlic fringe of relativdy high rniiiFd1 nlong t.ho eastern 
and sout.licastxxn conat8d of t.he ccmtiucnt as: the rc‘sult, of 
the elcvated contours ~ K U  tlie coiist in those regions is 
also striking. The eRect of the cioiisooiial rains over 
northern Australia is vorg ilpparen t froin the niodul, 
which shows t,he gradual iiicroasc of rninfnll froni leas 
than 10 inches in t.he int.crior to over GO inches on the 
north coast. 

The nianner in which the prevailing wcsterly trade 
winds carry moisture along the soutlicrly port.ion of the 
Commonwealth is clearly marked by the clerat.ions incli- 
cating the good riiins received over t.lie southwest corner 
of Australia, and further eastward how the ranges east of 
Adelaide cmse good rainfall there aiid prevent the rain 
from that direction reaching the inland parts of Victoria. 

In Tasmania, iilso, is seen t,he eR’ect of the frequency 
of the moist west.erly winds, causing high razinfall along 
the niounhin ranges of the west coast,, wit.11 resulting 
comparative dryness in the eastern part,s of that State. 

I t  lnny be of interest to note in closing that there exists 
a pnrently an oscillatory movement of the seasonal rains 

Forbes, New South Wales. It is perlia s n natural coin- 
cidence t,liat this apparent center of osci rl atioii is approxi- 
niately the cent,er of gravity of the Commonwealth’s 
PO ulat.ion and is. not far from the Federal capit.al site. 

t h i s  peculiar oscillatory character of tlie monthly 
march of rainfall suggested the const.ruction of a “rain 
clock.’’ In the center of a piece of cardboard a map of 
ilust.ra1ia is cut out, with a die. At the hack of this 
tinother piece of c.wdbowd representing the rain area is 
maiiipulat,ed on R swivel. By moving the second piece 
of ciirclhoarcl backward and forward with an amplitude 
of c-)scilliLt,ion of one-fifth of a circle (72’ arc) t,he lalid mea 
of the cont,iiient aflectecl by dry or wet condit,ions at  any 
tinio of year is npprosimntely iiidicubed. 

The imruediste lessons to be learned from a studv of this 
“clock” are that the se:Lsonnl rains are more regular than 
w t ~ s  generiilly believed, and t,liat the idt.ernnt.ing dry and 
wet, seasons are definit.ely clefinod. That being so, when, 
in olmlience to physicd law, there is an absence of rain 
cluriw tho normdly dry eriod in any part of Austmlia, 
such %ryness should not t: e regarded as drought and an 
evil, but rather as nature’s. wise provision for resting the 
soil. 

t P iroughout Australia, about a center in the vicinity of 

INFLUENCE OF W E A h E R  CONDITIONS ON THE 
AMOUNTS O F  NITRIC ACID AND O F  NLTROUS ACID 1N 
TIIE RAlNFALL NEAR MELBOURNE, AUSTRALIA.’ 

By V. G. ANDERSON. 

D d y  cleterminations of the amounts of nit,ric and of 
nit,rous acid in the rainfall at  Canterbury, near Mel- 
bourne, have been macle since November 1, 1912. The 
results to February 38, 1914, when correlated with 
met.eorolo icd data for Me1.bourne and daily isobaric 
c1wt.s of - % ustrtilia, reved the esist,ence of a relation be- 
txeoii weather conditions and the amounts of ni t,rogen 
acids in rain wat,er. 

Tlic c.onc.ent.mtion of nitric acid reached a ninsimum in 
suniiiier, a niininium in wintcr, aiicl an int,ermediate yosi- 
tinn during autumn and spring. 

’Hie concentration of nitrous acid reached a maximum 
in winter and a minimum in summer. The ratio of nitric. 
nitrogen to nitreous nitrogen was highest in summer and 
lomost in winter. On many occasions during winter the 
ratio was approximately 1: 1. A relation between 
ntiiiosplieric t,emperature nnd this r h o  w ~ i s  noted. 1t.s 
ii:rt,ure wis shown by plotting the niean minimum tem- 
peraturc ench month wit.11 the mean monthly r h o s ,  the 
curve heiiy of the same type as those wnicli espress 
c’:i~iges of clieniicnl velocity with ten1 eriit.ure. The 
r a h  is doubled for equal increments o P teniperatuye. 
From the results it would appear that in ruin water nitric 
ani1 nit,rous acids are formed in equal molecular 
portions and that, if the ratio could be determined?: 
st,ant,ly or before any change could ensue, it would in- 
varithly be 1 : 1. In cold weather the velocity is retarded 
to such an extent that little change O C ~ ~ U M  even after 
coniparatively long poriods; hence the increased amounts 
of nit.rous acid found in winter. In  hot weather the 
velocity being greatly increased, t,he rosiclual amounts of 
nitrous acid are very s m d ,  nearly all having been con- 
rertcd into nitric acid. 

oint to atmospheric nitrogen peroxide as The facts 
the source o P nitric and nitrous acids in rain water, aa 

1 Reprlnled from Re ort of the Eighty-fourth Meeting, B. A. A. S., Australis, 1814. 
London, 1915, pp. 33&39. 


